Optical and radio properties of giant radio quasars: Central black hole
  characteristics by Kuźmicz, A. & Jamrozy, M.
ar
X
iv
:1
21
0.
17
06
v1
  [
as
tro
-p
h.C
O]
  5
 O
ct 
20
12
Mon. Not. R. Astron. Soc. 000, 1–16 (0000) Printed 17 November 2018 (MN LATEX style file v2.2)
Optical and radio properties of giant radio quasars:
Central black hole characteristics.
A. Kuz´micz1⋆ and M. Jamrozy1†
1Astronomical Observatory, Jagiellonian University, ul. Orla 171 , 30-244 Krako´w, Poland
Accepted 2011 Month 00. Received 2011 Month 00; in original form 2011 Month 00
ABSTRACT
We analysed the optical and radio properties of lobe-dominated giant-sized (> 0.72
Mpc) radio quasars and compared the results with those derived for a sample of smaller
radio sources to determine whether the large size of some extragalactic radio sources
is related to the properties of their nuclei. We compiled the largest (to date) sample of
giant radio quasars, including 24 new and 21 previously-known objects, and calculated
a number of important parameters of their nuclei such as the black hole mass and the
accretion rate. We conclude that giant radio quasars have properties similar to those
of smaller size and that giant quasars do not have more powerful central engines than
other radio quasars. The results obtained are consistent with evolutionary models
of extragalactic radio sources which predict that giant radio quasars could be more
evolved (aged) sources compared to smaller radio quasars. In addition we found out
that the environment may play only a minor role in formation of large-scale radio
structures.
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1 INTRODUCTION
Giant radio sources (GRSs) are defined as powerful ex-
tragalactic radio sources, hosted by galaxies or quasars,
for which the projected linear size of their radio struc-
ture is larger than 0.72 Mpc1 (assuming H0 = 71 km
s−1Mpc−1, ΩM = 0.27, Ωλ = 0.73; Spergel et al. 2003).
Looking through the new, “all-sky” radio surveys such as the
Westerbork Northern Sky Survey (Rengelink et al. 1997),
the NRAO VLA Sky Survey (NVSS; Condon et al. 1998),
the Faint Images of the Radio Sky at Twenty centimeters
(FIRST; Becker, White & Helfand 1995), the Sydney Uni-
versity Molonglo Sky Survey (Bock, Large & Sadler 1999)
and the Seventh Cambridge Survey (McGilchrist et al. 1990)
a large number of new giant sources were identified. Almost
all of these GRSs are included in the samples of giants pre-
sented by Cotter, Rawlings & Saunders (1996), Lara et al.
(2001), Machalski, Jamrozy & Zo la (2001), Machalski et al.
(2006), Saripalli et al. (2005), Schoenmakers et al. (2001),
as well as in the list of giants known before 2000 pub-
lished by Ishwara–Chandra & Saikia (1999). GRSs are very
useful in studying a number of astrophysical problems,
⋆ E-mail: cygnus@oa.uj.edu.pl
† E-mail: jamrozy@oa.uj.edu.pl
1 Many authors, assuming H0 = 50 km s−1Mpc−1, have used
1 Mpc as the defining size for GRSs. For the currently accepted
cosmological parameters as given above, this size decreases to
∼0.72 Mpc.
for example the evolution of radio sources, the proper-
ties of the intergalactic medium (IGM) at different red-
shifts, and the nature of the central active galactic nu-
clei (AGN). It is still unclear why such a small fraction
of radio sources reach such a large size – it may be due
to special external conditions, such as lower IGM den-
sity, or due to the internal properties of the “central en-
gine”. Our knowledge about the nature of GRSs has im-
proved somewhat following studies conducted in the last
decade. However, these were focused almost exclusively on:
the role of the properties of the IGM (Subrahmanyan et al.
2008; Kuligowska et al. 2009), the advanced age of the
radio structure (e.g. Machalski, Jamrozy & Saikia 2009;
Machalski & Jmrozy 2006), and recurrent radio activity
(e.g. Schoenmakers et al. 2000; Machalski et al. 2011) as re-
sponsible for gigantic size.
To date, there are about 230 GRSs known, and just a
small fraction of them (∼ 8 per cent) are actually related
to quasars. The lobe-dominated radio quasars usually have
a classical FRII (Fanaroff & Riley 1974) morphology and
most of their radio emission originates in the extended re-
gions with steep radio spectra. The ratio of the flux density
of the core to that of the lobes at 5 GHz is usually less
than 1 (Hough et al. 2002). Optically, the lobe-dominated
radio quasars are similar to the core-dominated quasars
(Antonucci & Barvainis 1988) and their lobe dominance is
just an orientation effect.
In general, it is believed that strong jet activity in
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an AGN is related to the parsec or sub-parsec scale con-
dition of its host galaxy and specifically to the proper-
ties of its central black hole (BH; Blandford & Payne 1982;
Blandford & Znajeck 1977; Blandford & Rees 1974). Fur-
thermore, if assuming that the power of the “central en-
gine” is responsible for the linear size evolution of an radio
source, we should expect the largest objects to be related to
radio quasars, which host the most energetic AGNs, as op-
posed to radio galaxies. It is because there is observational
evidence for a correlation between jet power and the expan-
sion speed of a radio source’s lobes (e.g. Alexander & Leahy
1987; Liu, Pooley & Riley 1992). The jets of high-power
sources carry a larger momentum flux, which in turn implies
a greater flux of kinetic energy. Therefore, radio quasars,
which are on average more luminous than radio galaxies,
should have higher lobe expansion speeds than radio galax-
ies and, assuming similar mean lifetimes of both these types
of AGNs, radio quasars have the potential to reach larger
size. A typical lobe expansion speed could be of the order
of a few hundredths (or more) of the speed of light (e.g.
Leahy, Muxlow & Stephens 1989), and this, together with
the typical lifetime of an evolved radio source of the order
of a few times 107 years, gives a size of the order of a Mpc.
The radio loudness of quasars still remains a de-
bated issue. Radio observations of optically-selected sam-
ples of quasars showed that only 10-40 per cent of the
objects are powerful radio sources (for reference see e.g.
Cirasuolo et al. 2003; Jiang et al. 2007). Recently, thanks
to FIRST – the large-area radio survey – the number of
quasars with faint radio fluxes has grown enormously. There-
fore, it is now possible to investigate the optical and radio
properties of quasars based on statistically large samples
of objects (e.g. White et al. 2000; Hewett, Foltz & Chaffee
2001; Ivezic et al. 2002; Cirasuolo et al. 2003; Shankar et al.
2010; Jiang et al. 2007), and to try to understand the
connection between the optical emission (luminosity, BH
mass and spin, accretion rate) and the radio (jet) ac-
tivity. Evidence that the spin of the BH plays a sig-
nificant role in radio activity has recently been found
(e.g. Sikora, Stawarz & Lasota 2007; Ghisellini & Tavecchio
2008; Shankar et al. 2010). The relation between BH mass
and radio loudness has also been intensively studied, but so
far the results are equivocal. Many authors (e.g. Laor 2000;
McLure & Dunlop 2002; Dunlop et al. 2003; Marziani et al.
2003; McLure & Jarvis 2004) have found that, on aver-
age, radio-louder AGNs possess larger BH masses. However,
there are also many reports arguing against any dependence
between these quantities (e.g., Oshlack, Webster & Whiting
2002; Ho 2002; Woo & Urry 2002; Cirasuolo et al. 2003;
Snellen et al. 2003). Furthermore, the importance of the
mechanical energy of jets and lobes released by BHs
and the feedback on the surroundings has recently been
realized (Cattaneo & Best 2009; Merloni & Heinz 2008;
Shankar et al. 2008). AGNs deposit large amounts of energy
into their galactic environment which may, for example, be
responsible for halting star formation. There is broad obser-
vational evidence that mechanical heating by jets plays an
important role in balancing radiative losses from the intra-
cluster medium. Radio jets and lobes of quasars can modify
the structure of the environment not only on kpc scales but
also, by the giant-size sources, on Mpc scales.
The aim of this study is to investigate the radio and
optical properties for a sample of lobe-dominated giant ra-
dio quasars (GRQs). We would like to answer the question
whether the size of GRQs is related to the internal proper-
ties of their hosts. To investigate the role and importance of
the central engine in generation of Mpc-scale structures we
have compiled the largest sample of GRQs to date.
The paper is organized as follows: in Sect. 2 we de-
scribe our source samples and in Sect. 3 the possible biases
of the samples. In Sect. 4 we present definitions of the pa-
rameters used in the analysis; in Sect. 5 we investigate the
relations between the optical and radio properties of our
sources. Sect. 6 presents our conclusions.
Throughout the paper we assume the standard cosmology,
with parameters as provided at the beginning of this Section.
2 THE SAMPLE
In our analysis we use 45 GRQs of which 21 are taken
from the existing literature (for details see Table 1). The re-
maining 24, which were not previously identified as GRQs,
we selected from catalogues of radio quasars compiled
by Gregg et al. (1996), Becker et al. (2001), White et al.
(2000), and de Vries et al. (2006). The presented sample of
giant-sized radio quasars is the largest to date. It contains
sources even at large redshifts (z ∼ 2).
As a comparison sample, we selected 31 smaller lobe-
dominated radio quasars from a list of radio sources given
by Nilsson (1998). In order to obtain a number of objects
comparable to the GRQ sample, 18 quasars selected from
the catalogues cited were added to the comparison sample.
The linear sizes of these objects are close to the limiting size
of 0.72 Mpc, as we wanted to have a smooth transition in
linear size between the smaller radio quasars and the GRQs.
The sources from the comparison sample of lobe-dominated
radio quasar meet the following criteria:
(i) Have optical spectra in the Sloan Digital Sky Survey
(SDSS; Adelman-McCarthy et al. 2008).
(ii) Possess the MgII(2798A˚) broad emission line in
their spectra (as most of our GRQ spectra contain the
MgII(2798A˚) line). This condition limits the range of the
redshift to 0.4 . z . 2; it was adopted in order to have sim-
ilar properties of the optical spectra for all quasars and hence
allow homogeneous measurements using the same methods
for both samples.
(iii) Have a projected angular size of the radio structure
larger than 0.′2, to properly separate the components (lobes
and core) of the source in the FIRST maps (which have
5′′×5′′ angular resolution).
All our quasars possess a classical FRII radio morphology.
These objects lie almost in the plane of the sky and therefore
the influence of relativistic beaming is small. It is easy to
determine the physical size of such sources based on radio
maps, even at high redshift.
The final samples contain 45 GRQs and 49 smaller ra-
dio quasars, whose basic parameters are provided in Ta-
bles 1 and 2 respectively. The new, previously unrecognised,
GRQs are marked in bold type in Table 1. Optical spec-
tra from the SDSS as well as radio maps from the NVSS
and FIRST surveys are available for almost all of these
objects. In addition, the spectra of nine quasars published
c© 0000 RAS, MNRAS 000, 1–16
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by White et al. (2000), Becker et al. (2001), de Vries et al.
(2006) and Gopal-Krishna, Wiita & Saripalli (1989) were
provided to us in electronic FITS format by R. White (these
are marked by the letter W in Tables 1 and 2). The columns
of Table 1 and 2 contain respectively: (1) - J2000.0 IAU
name; (2) and (3) J2000.0 right ascension and declination of
the central position of the optical quasar; (4) redshift of the
host object; (5) angular size in arcmin; (6) projected linear
size in Mpc; (7) availability of the spectrum from the SDSS
survey (S), or provided by White (W); availability of radio
maps from NVSS or FIRST (N or F, respectively); (8) refer-
ences to the identified object. Unfortunately, for two GRQs,
J0631−5405 and J0810−6800, we had neither spectral nor
radio data at hand, therefore we excluded them from further
analysis.
3 SAMPLE BIASES
Due to the method used to complete our sample, the re-
sults may in some cases be influenced by selection effects,
for example related to the sensitivity of the radio surveys
used for selecting extended sources. The sample of giant ra-
dio quasars was compiled in three stages and each of them
may be affected by bias. First, compact radio objects were
selected, then the optical counterparts were checked for spec-
tra typical of quasars. The selection criteria for these steps
were described in detail in the papers referenced in Sect. 2
and we will not focus on them here. In the third stage of se-
lection, we inspected the radio maps of several hundred can-
didates, looking for targets which have extended radio lobes
in addition to radio cores. The NVSS and FIRST surveys
have a completeness of 96 and 89 per cent and a reliability of
99 and 94 per cent to the 5σ limits of 2.3 and 1.0 mJy respec-
tively (Cileigi et al. 1999). Since the resolution effect causes
FIRST to become more incomplete for extended objects, we
supplemented our search with the NVSS maps which have
larger restoring beam size and hence larger surface bright-
ness sensitivity. However, because of the limited baselines
NVSS is insensitive to very extended coherent structures
(larger than 15′). Fortunately, we do not expect the exis-
tence of objects with such large angular size, at least at
high redshifts. In addition, extended and aged radio sources
could have weak double lobes not connected with a visible
bridge of high frequency radio emission. Therefore, it may be
hard to recognise such a source as just one homogeneous ob-
ject, especially at high redshift where the inverse Compton
losses against the cosmic microwave background are large.
Detecting a steep-spectrum and low surface-brightness radio
bridge connecting the radio core with hot spots for distant
objects is therefore challenging and this may have caused us
to overlook some objects.
It is worth noting that most of the recent works on
quasars based on optical and radio data first select the can-
didates from optical catalogues of quasars and then correlate
their coordinates with catalogues of radio sources. The au-
thors usually concentrate on point-like radio sources, not
extended objects (there are some exceptions, however, for
example de Vries et al. 2006). Jiang et al. (2007) considered
extended radio structures, but analysed only those objects
whose lobe separation was smaller than 1′. The authors
stressed that the extended radio quasars represented a very
small fraction of the SDSS quasars. They also wrote that
quasars for which the radio structure diameter is greater
then 1′are even rarer. Thus one has to realize that objects
of the class studied here are extremely rare.
As we pointed out in Sect. 2, the lobe-dominated radio
quasars lie almost in the plane of the sky. Therefore, their
measured radio luminosity is weakly influenced by relativis-
tic beaming. In addition, it is easy to determine the proper
physical size and volume occupied by the radio plasma for
sources oriented in this manner. On the other hand, one
should keep in mind that, besides lobe-dominated giant
radio quasars as focused on here, there exist giant radio
quasars located at a small angle to the line of sight which
we have completely ignored because of the inability to de-
termine their physical size.
Given all the drawbacks described above, we have
nonetheless shown that giant radio quasars do not comprise
just a few objects as previously thought, but constitute a
larger group. In addition to the sample of newly identified gi-
ants, we also added the set of previously known giant quasars
to increase the number of objects tested. Summing up, the
sample we presented here is limited by the described selec-
tion criteria and is not fully homogeneous. Therefore, apply-
ing the conclusions obtained here to the whole population
of radio-loud quasars should be done with caution.
4 DATA ANALYSIS
4.1 Radio data
Using the Astronomical Image Processing System2 package
for radio data reduction and analysis and maps from the
NVSS and FIRST surveys, we measured the basic parame-
ters of the selected radio quasars, which were further used
to calculate their characteristics – defined in the following
way:
(i) The arm-length-ratio, Q, which is the ratio of dis-
tances (d1 and d2) between the core and the hot spots (peaks
of radio emission), normalized in such a way that always
Q > 1 (for details see Fig. 1).
(ii) The bending angle, B, which is the complement of the
angle between the lines connecting the lobes with the core.
(iii) The lobes’ flux-density ratio, F = S1/S2, where S1
is the flux density of the lobe further from the core and S2
is the flux density of the lobe closer to the core.
(iv) The source total luminosity at 1.4 GHz, Ptot,
which is calculated following the formula given by
Brown, Webster & Boyle (2001):
logPtot(WHz
−1) = logStot(mJy)− (1 + α) · log(1 + z)
+ 2log(DL(Mpc)) + 17.08 (1)
where α is the spectral index (the convention we use here
is Sν ∼ να) and DL is a luminosity distance. The total flux
density, Stot, of individual sources is measured from NVSS
maps and the average spectral index, in accordance with
Wardle & Aaron (1997), is taken for all sources as α = −0.6.
The core luminosity at 1.4 GHz, Pcore, is calculated in a
2 http://www.aips.nrao.edu/
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Table 1. List of giant-sized (> 0.72 Mpc) radio quasars.
IAU α(J2000.0) δ(J2000.0) z d D Avail. Ref.
name (h m s) (o ′ ′′) arcmin Mpc Data
(1) (2) (3) (4) (5) (6) (7) (8)
J0204−0944 02 04 48.29 −09 44 09.5 1.004 6.035 2.914 S,N,F 1
J0210+0118 02 10 08.26 +01 18 42.3 0.870 2.618 1.214 W,N,F 1
J0313−0631 03 13 32.88 −06 31 58.0 0.389 3.090 0.973 S,N 2
J0439−2422 04 39 09.20 −24 22 08.0 0.840 1.960 0.899 N 3
J0631−5405 06 32 01.00 −54 04 58.7 0.204 5.200 1.04 - 4
J0750+6541 07 50 34.43 +65 41 25.4 0.747 3.271 1.439 N 5
J0754+3033 07 54 48.86 +30 33 55.0 0.796 3.842 1.730 S,N,F 6
J0754+4316 07 54 07.96 +43 16 10.6 0.347 8.061 2.360 S,N,F 7
J0801+4736 08 01 31.97 +47 36 16.0 0.157 5.438 0.876 S,N,F 7
J0809+2912 08 09 06.22 +29 12 35.6 1.481 2.184 1.118 S,N,F 6, 8
J0810−6800 08 10 55.10 −68 00 07.7 0.231 6.500 1.42 - 9
J0812+3031 08 12 40.08 +30 31 09.4 1.312 2.427 1.203 S,N,F 8
J0819+0549 08 19 41.12 +05 49 42.7 1.701 1.923 0.987 S,N,F 8
J0842+2147 08 42 39.96 +21 47 10.4 1.182 2.314 1.156 S,N,F 8
J0902+5707 09 02 07.20 +57 07 37.9 1.595 1.678 0.862 S,N,F 9, 8
J0918+2325 09 18 58.15 +23 25 55.4 0.688 2.079 0.885 S,N,F 10
J0925+4004 09 25 54.72 +40 04 14.2 0.471 4.379 1.546 S,N,F 10
J0937+2937 09 37 04.04 +29 37 04.8 0.451 2.640 0.909 S,N,F 6, 10
J0944+2331 09 44 18.80 +23 31 18.5 0.987 1.870 0.899 S,N,F 10
J0959+1216 09 59 34.49 +12 16 31.6 1.089 1.964 0.966 S,N,F 11
J1012+4229 10 12 44.29 +42 29 57.0 0.364 3.088 0.933 S,N,F 9
J1020+0447 10 20 26.87 +04 47 52.0 1.131 1.478 0.733 S,N,F 11
J1020+3958 10 20 41.15 +39 58 11.2 0.830 2.663 1.217 W,N,F 9
J1027−2312 10 27 54.91 −23 12 02.0 0.309 2.860 0.774 N 3
J1030+5310 10 30 50.91 +53 10 28.6 1.197 1.698 0.749 S,N,F 8
J1054+4152 10 54 03.27 +41 52 57.6 1.090 4.702 2.314 S,N,F 10
J1056+4100 10 56 36.26 +41 00 41.3 1.785 1.543 0.791 S,N,F 11
J1130−1320 11 30 19.90 −13 20 50.0 0.634 4.812 1.977 N 12
J1145−0033 11 45 53.67 −00 33 04.6 2.054 2.642 1.340 S,N,F 13
J1148−0403 11 48 55.89 −04 04 09.6 0.341 3.265 0.945 N,F 14
J1151+3355 11 51 39.68 +33 55 41.8 0.851 2.083 0.959 S,N,F 10
J1229+3555 12 29 25.56 +35 55 32.5 0.828 1.672 0.761 S,N,F 15
J1304+2454 13 04 51.42 +24 54 45.9 0.605 2.431 0.977 W,N,F 10
J1321+3741 13 21 06.42 +37 41 54.0 1.135 1.531 0.759 S,N,F 10
J1340+4232 13 40 34.70 +42 32 32.2 1.343 2.309 1.173 S,N,F 10
J1353+2631 13 53 35.92 +26 31 47.5 0.310 2.803 0.761 W,N,F 10, 16
J1408+3054 14 08 06.21 +30 54 48.5 0.837 3.618 1.658 S,N,F 10
J1410+2955 14 10 36.80 +29 55 50.9 0.570 2.483 0.970 W,N,F 6
J1427+2632 14 27 35.61 +26 32 14.5 0.363 3.822 1.158 S,N,F 16
J1432+1548 14 32 15.54 +15 48 22.4 1.005 2.824 1.364 S,N,F 14
J1504+6856 15 04 12.77 +68 56 12.8 0.318 3.140 0.867 N 5
J1723+3417 17 23 20.80 +34 17 58.0 0.206 3.787 0.760 W,N,F 17
J2042+7508 20 42 37.30 +75 08 02.5 0.104 10.052 1.138 N 18
J2234−0224 22 34 58.76 −02 24 18.9 0.550 3.236 1.241 N,F 1
J2344−0032 23 44 40.04 −00 32 31.7 0.503 2.658 0.973 W,N,F 1
References:(1) Becker et al. (2001); (2) Machalski, Kozie l-Wierzbowska & Jamrozy (2007); (3)
Ishwara–Chandra & Saikia (1999); (4) Saripalli et al. (2005); (5) Lara et al. (2001); (6) Gregg et al.
(1996); (7) Schoenmakers (1999); (8) Kuligowska et al. (2009); (9) de Vries et al. (2006); (10)
White et al. (2000); (11) Kuligowska (2007); (12) Bhatnagar, Krishna & Wisotzki (1998); (13)
Kuz´micz, Kuligowska & Jamrozy (2011); (14) Hintzen, Ulvestad & Owen (1983); (15) Shen et al.
(2008); (16) Nilsson (1998); (17) Ja¨gers et al. (1982); (18) Riley & Warner (1990).
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Table 2. List of smaller (< 0.72 Mpc) radio quasars.
IAU α(J2000.0) δ(J2000.0) z d D Avail. Ref.
name (h m s) (o ′ ′′) arcmin Mpc Data
(1) (2) (3) (4) (5) (6) (7) (8)
J0022−0145 00 22 44.29 −01 45 51.1 0.691 1.432 0.610 N,F 1
J0034+0118 00 34 19.18 +01 18 35.8 0.841 1.364 0.664 W,N,F 1
J0051−0902 00 51 15.12 −09 02 08.5 1.265 1.379 0.696 S,N,F 1
J0130−0135 01 30 43.00 −01 35 08.2 1.160 1.306 0.650 W,N,F 1
J0245+0108 02 45 34.07 +01 08 14.2 1.537 0.883 0.453 S,N,F 3
J0745+3142 07 45 41.66 +31 42 56.5 0.461 1.795 0.626 S,N,F 3
J0811+2845 08 11 36.90 +28 45 03.6 1.890 0.507 0.259 S,N,F 3
J0814+3237 08 14 09.23 +32 37 31.7 0.844 0.239 0.187 S,N,F 3
J0817+2237 08 17 35.07 +22 37 18.0 0.982 0.395 0.190 S,N,F 3
J0828+3935 08 28 06.85 +39 35 40.3 0.761 1.077 0.477 S,N,F 3
J0839+1921 08 39 06.95 +19 21 48.9 1.691 0.523 0.269 S,N,F 3
J0904+2819 09 04 29.63 +28 19 32.8 1.121 0.379 0.188 S,N,F 3
J0906+0832 09 06 49.81 +08 32 58.8 1.617 1.307 0.671 S,N,F 4
J0924+3547 09 24 25.03 +35 47 12.8 1.342 1.345 0.683 S,N,F 5
J0925+1444 09 25 07.26 +14 44 25.9 0.896 0.665 0.311 S,N,F 3
J0935+0204 09 35 18.51 +02 04 19.0 0.649 1.200 0.498 S,N,F 3
J0941+3853 09 41 04.17 +38 53 49.1 0.616 0.853 0.346 S,N,F 3
J0952+2352 09 52 06.36 +23 52 43.2 0.970 1.466 0.702 S,N,F 2
J1000+0005 10 00 17.65 +00 05 23.9 0.905 0.521 0.245 S,N,F 3
J1004+2225 10 04 45.75 +22 25 19.4 0.982 1.097 0.526 S,N,F 3
J1005+5019 10 05 07.10 +50 19 31.5 2.023 1.300 0.660 S,N,F 2
J1006+3236 10 06 07.58 +32 36 27.9 1.026 0.246 0.119 S,N,F 3
J1009+0529 10 09 43.56 +05 29 53.9 0.942 1.377 0.654 S,N,F 2
J1010+4132 10 10 27.50 +41 32 39.0 0.612 0.525 0.212 S,N,F 3
J1023+6357 10 23 14.61 +63 57 09.3 1.194 1.294 0.648 S,N,F 6
J1100+1046 11 00 47.81 +10 46 13.6 0.422 0.549 0.182 S,N,F 3
J1100+2314 11 00 01.14 +23 14 13.1 0.559 1.577 0.610 S,N,F 5
J1107+0547 11 07 09.51 +05 47 44.7 1.799 1.324 0.678 S,N,F 2
J1107+1628 11 07 15.04 +16 28 02.2 0.632 0.652 0.267 S,N,F 3
J1110+0321 11 10 23.84 +03 21 36.4 0.966 1.055 0.504 S,N,F 3
J1118+3828 11 18 58.53 +38 28 53.5 0.747 1.407 0.619 S,N,F 5
J1119+3858 11 19 03.20 +38 58 53.6 0.734 1.419 0.620 S,N,F 5
J1158+6254 11 58 39.76 +62 54 27.1 0.592 0.968 0.385 S,N,F 3
J1217+1019 12 17 01.28 +10 19 52.0 1.883 0.466 0.238 S,N,F 3
J1223+3707 12 23 11.23 +37 07 01.8 0.491 0.597 0.216 S,N,F 3
J1236+1034 12 36 04.52 +10 34 49.2 0.667 1.694 0.711 S,N,F 3
J1256+1008 12 56 07.66 +10 08 53.5 0.824 0.382 0.174 S,N,F 3
J1319+5148 13 19 46.25 +51 48 05.5 1.061 0.466 0.228 S,N,F 3
J1334+5501 13 34 11.71 +55 01 24.8 1.245 1.274 0.641 S,N,F 3
J1358+5752 13 58 17.60 +57 52 04.5 1.373 0.733 0.373 S,N,F 3
J1425+2404 14 25 50.65 +24 04 02.8 0.653 0.339 0.141 S,N,F 3
J1433+3209 14 33 34.26 +32 09 09.5 0.935 0.630 0.299 S,N,F 3
J1513+1011 15 13 29.30 +10 11 05.4 1.546 0.586 0.301 S,N,F 3
J1550+3652 15 50 02.01 +36 52 16.8 2.061 1.334 0.676 S,N,F 4
J1557+0253 15 57 52.83 +02 53 28.9 1.988 1.121 0.571 S,N,F 2
J1557+3304 15 57 29.94 +33 04 47.0 0.953 0.562 0.268 S,N,F 3
J1622+3531 16 22 29.90 +35 31 25.1 1.475 0.365 0.187 S,N,F 3
J1623+3419 16 23 36.45 +34 19 46.3 1.981 0.984 0.501 S,N,F 2
J2335−0927 23 35 34.68 −09 27 39.2 1.814 1.305 0.668 S,N,F 1
References: (1) Becker et al. (2001); (2) de Vries et al. (2006); (3) Nilsson (1998); (4)
Kuligowska et al. (2009); (5) White et al. (2000); (6) Kuligowska (2007).
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Figure 1. An example of a GRQ, J1321+3741. Radio contours
are taken from the FIRST survey. Definitions of some parameters
used for analysis are provided here (i.e. B, S1, S2, d1, d2) and
also described in the text.
similar manner, but instead of Stot in equation (1) we sub-
stitute the core flux density, Score, which is measured from
FIRST maps and the average spectral index value, according
to Zhang & Fan (2003), is adopted as α = −0.3.
(v) The inclination angle, i, which is the angle between
the jet axis and the line of sight (i.e. i = 90◦means that
the object lies in the sky plane). The inclination angle was
calculated, assuming that the Doppler boosting is the main
factor underlying the asymmetries of a source, in the follow-
ing way:
i = [acos(
1
βj
· (s− 1)
(s+ 1)
)] (2)
where s = (Sj/Scj)
1/2−α, Sj is the peak flux-density of the
lobe closer to the core. Scj is the peak flux-density of the
lobe further from the core and βj is the jet velocity. For
all our objects, according to Wardle & Aaron (1997) and
Arshakian & Longair (2004), we assume βj = 0.6c.
The resulting values of the above parameters for our sources
are listed in Table 3. For two objects, i.e. J0439−2422 and
J1100+2314, we were not able to measure all the param-
eters, as for the source J0439−2422 the FIRST map was
not available, and J1100+2314 has a too asymmetric radio
structure.
4.2 Optical data
4.2.1 Spectra reduction
The quasar spectra were reduced through the standard pro-
cedures of the Image Reduction and Analysis Facility 3 pack-
3 http://iraf.noao.edu/
age including galactic extinction and redshift correction.
Each spectrum was corrected for galactic extinction taking
into account values of the colour excess E(B − V ) and the
B-band extinction, AB, taken from the NASA/IPAC Extra-
galactic Database. We calculated the extinction parameter
R = E(B − V )/AB for each quasar in our samples. The
extinction-corrected spectrum was then transformed to its
rest frame using the redshift value given in the SDSS (or
if the SDSS spectrum was unavailable, from other publica-
tions).
4.2.2 Continuum subtraction and line parameters
measurement
In order to obtain reliable measurements of emission lines,
we need to subtract continuum emission, as optical and
UV spectra of quasars are dominated by the power-law and
Balmer continuum. Using the Image Reduction and Anal-
ysis Facility package, we subtracted the power-law contin-
uum from our spectra. The continuum was fitted in sev-
eral windows where we had not observed any emission lines
(i.e. 1320–1350A˚, 1430–1460A˚, 1790–1830A˚, 3030–3090A˚,
3540–3600A˚ and 5600–5800A˚). Particularly in the UV band,
we also observe significant iron emission, which is often
blended with the MgII(2798A˚) line. The procedure of sub-
tracting the iron emission was similar to that described by
Boroson & Green (1992). We used an Fe template in the UV
band (1250–3090A˚) as developed by Vestergaard & Wilkes
(2001), and in the optical band (3535–7530A˚) given by
Veron-Cetty, Joly & Veron (2004). First, we broadened the
iron template by convolving it with Gaussian functions of
various widths and multiplying by a scalar factor. Next, we
chose the best fit of this modified template to each particular
spectrum, and then subtracted it. After the subtraction of Fe
line emission, we added the previously determined power-law
continuum fit and refitted it once again (in a similar manner
as suggested by Vestergaard & Wilkes 2001). An example of
a “cleaned-up” spectrum is presented in Fig. 2.
For the purpose of our analysis we needed to measure
the parameters of broad emission lines like CIV(1549A˚),
MgII(2798A˚) and Hβ(4861A˚). In some cases, performing this
measurement was difficult due to asymmetries in the line
profiles (particularly of highly ionized lines such as CIV),
where it was hard to fit a Gaussian function. In order to
overcome the problem, we used the method described in
Peterson et al. (2004). In Tables 4 and 5 (cols. 2–4) we pro-
vide the respective widths of broad emission lines for GRQs
and smaller quasars, respectively. We were unable to mea-
sure the MgII emission line parameters in the spectrum of
the GRQ J1408+3054, as it showed strong broad-absorption
features which considerably affected the emission line pro-
file.
4.2.3 Black hole mass determination
The issue of determination of BH mass in AGNs has recently
been often studied. The knowledge of the BH mass is of great
importance in determining a number of physical parameters
of AGNs and their evolution. In the first place, all of the
commonly known techniques based on kinematic or dynam-
ical studies (e.g. Richstone et al. 1998) are only useful for
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inactive galaxies. Therefore, they cannot be applied directly
for AGNs, which are very luminous and distant. The most
promising method for AGNs is reverberation mapping of the
broad emission lines from the broad-line region (Peterson
1993). This method works particularly well for type I AGNs
(e.g. Urry 2004), where the broad line region is not obscured
by a dusty and gaseous torus. Assuming that the gas in the
broad-line region is virialized in the gravitational field of a
BH, we can calculate its mass as:
MBH =
RBLRV
2
BLR
G
(3)
where G is the gravitational constant, RBLR is the distance
from broad-line region clouds to the central BH, VBLR is
the broad-line region virial velocity, which can be estimated
from the FWHM (Full Width at Half Maximum) of a re-
spective emission line as:
VBLR = f · FWHM (4)
where f is the scaling factor, which depends on structure,
kinematics, and orientation of the broad line region (for ran-
domly distributed broad line region clouds f =
√
3/2). Bas-
ing on this method, Kaspi et al. (2000, 2005) obtained an
empirical relation between the broad line region size of an
AGN and its optical continuum luminosity (λLλ) at 5100A˚
(and later also at 1450A˚, 1350A˚ and in the 2–10 keV range):
RBLR ∼ λLλ(5100A˚)0.70±0.03 (5)
This relation makes it possible to use an approximation to
the reverberation mapping method, called the mass-scaling
relation, which allows to determine BH mass using measure-
ments of the FWHM of broad emission lines (e.g. CIV, MgII,
Hβ) and the monochromatic continuum luminosity (λLλ)
of a single-epoch spectrum only. In order to determine BH
mass of our objects basing on the FWHM measurements of
different emission lines, we applied the following equations:
MBH(CIV 1549A˚) = 4.57 · 106(λLλ(1350A˚)
1044ergs−1
)0.53±0.06·
(
FWHM(CIV 1549A˚)
1000kms−1
)2M⊙ (6)
MBH(MgII2798A˚) = 7.24 · 106(λLλ(3000A˚)
1044ergs−1
)0.5·
(
FWHM(MgII2798A˚)
1000kms−1
)2M⊙ (7)
MBH(Hβ4861A˚) = 8.13 · 106(λLλ(5100A˚)
1044ergs−1
)0.50±0.06·
(
FWHM(Hβ4861A˚)
1000kms−1
)2M⊙ (8)
Equations (6) and (8) were taken from
Vestergaard & Peterson (2006), while equation (7) from
Vestergaard & Osmer (2009). The monochromatic contin-
uum luminosities λLλ can be computed as follows:
λLλ = 4piD
2
Hubbleλfλ (9)
where DHubble is the comoving radial distance and fλ
is the flux in the rest frame at wavelength λ equal to
Figure 2. Spectrum of the giant radio quasar J0809+2912 and
the best fit to the iron emission. The top spectrum is the observed
spectrum in the rest frame overlaid with a power-law continuum,
while the bottom one is the continuum-subtracted spectrum over-
laid with the best fit to the iron emission.
3000A˚, 5100A˚, or 1350A˚. The resulting rest frame fluxes,
monochromatic continuum luminosities and BH masses for
GRQs and smaller quasars are given in Table 4 and 5 (cols.
5–7, 8–10 and 11–13) respectively.
5 RESULTS
5.1 Radio properties
In our analysis we checked some general relations between
radio parameters for our sample sources, similar to those
shown for the sample of GRSs (mostly galaxies) described
by Ishwara–Chandra & Saikia (1999). On the optical- versus
radio-luminosity plane our objects trace the regime of radio
loudness (ratio of radio-to-optical luminosity) between 50
and 1000 and overlap with the FIRST-2dF sample of quasars
of Cirasuolo et al. (2003).
In Fig. 3 we present the dependence between 1.4 GHz
total luminosity and redshift for our quasars. It is impor-
tant to note that our comparison sample of smaller radio
quasars (sources marked as open circles in Fig. 3 and sub-
sequent figures) contains only objects in the redshift range
of 0.4.z.2 due to our selection criteria, i.e. the presence of
the MgII(2798A˚) emission line in the spectra (for details see
Sect. 2). Such a cut-off in the redshift range of the quasars
from the comparison sample should not, however, affect our
main results, since the majority of GRQs have redshifts in a
similar range. Therefore, the non-existence of smaller radio
quasars in the upper-left part of Fig. 3 is artificial, whereas
the absence of GRQs in the lower-right corner of this figure
is the result of sensitivity limit of the radio surveys which
we used for source recognition and measurements of source’s
radio properties. It is known that in flux-limited samples we
should expect a correlation between radio luminosity and
redshift, since for larger distances we are able to detect only
those sources which are luminous enough, and faint sources
at higher redshifts are beyond the detection limit. For our
quasar sample a dependence between redshift and total radio
luminosity can be seen, but the correlation is not as strong
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Figure 3. 1.4 GHz total radio luminosity as a function of red-
shift. The GRQs are marked with solid circles and quasars from
the comparison sample are marked by open circles. J1623+3419,
which is marked by a half-solid circle, has a projected linear size
of 0.5 Mpc but, after correction for the inclination angle, its un-
projected linear size is larger than the defining minimum size of
GRSs.
as for the sample of GRSs from Ishwara–Chandra & Saikia
(1999). The Spearman rank correlation coefficient for the
GRQs is 0.49, whereas for the GRSs from the paper cited
above it is 0.90. This shows that the selection effects for our
quasar sample are not as strong as for other radio galax-
ies and GRS samples of Ishwara–Chandra & Saikia (1999),
though they may still have affected some of our results.
In Fig. 4 we present the luminosity, P , ver-
sus linear size, D, relation. The P–D diagram is a
helpful tool in investigating the evolution of radio
sources and was frequently used to test evolutionary
models (e.g. Kaiser, Dennett-Thorpe & Alexander 1997;
Blundell, Rawlings & Willott 1999). In order to draw this
diagram we used the unprojected linear size of the sources,
which was derived by taking into account the inclination an-
gle, i, as D∗ = D/sin(i), where D is the projected linear size
(given in Tables 1 and 2 derived as the sum of d1 and d2 - for
details see Fig. 1). The diagrams show that GRQs have, on
average, lower core and total radio luminosities. The trend
which we observe in our P–D diagrams is consistent with the
predictions of evolutionary models and can suggest that, un-
der favourable conditions, the luminous smaller, and proba-
bly younger, radio quasars may evolve in time into the lower-
luminosity aged GRQs. The non-existence of objects in the
bottom-left part of Fig. 4 may be due to selection effects. Be-
cause of the surface-brightness limit we may overlook some
extended objects with low total radio luminosities.
In Fig. 5 we present the relation between the total and
core radio luminosity. There is a strong correlation between
those two quantities for radio quasars. We obtained a corre-
lation coefficient of 0.76 and the slope of the linear fit equal
to 0.82 ± 0.08, steeper than the slope of 0.59 ± 0.05 ob-
tained by Ishwara–Chandra & Saikia (1999) for GRSs. The
strong correlation between the core luminosity and the to-
tal luminosity in the population of giant-size radio galaxies
was also mentioned by Machalski & Jmrozy (2006). On the
one hand, this correlation can be attributed to the Doppler
beaming of a parsec-scale jet and can reflect the different
Figure 4. Luminosity–linear size diagrams. The top panel shows
the 1.4 GHz total radio luminosity and the bottom one shows core
luminosity. The observed trend is consistent with predictions of
evolutionary models.
inclination angle of the nuclear jets, and thus inclination of
the entire radio source’s axis to the observer’s line of sight.
Relatively more luminous cores (in comparison to the total
luminosity) should be observed in more strongly projected
sources (i.e. quasars). Therefore, in GRQs one could expect
to observe relatively stronger cores than in giant-sized ra-
dio galaxies. On the other hand, evolutionary effects (well
visible in Fig. 4) can explain the clear difference in radio
luminosity between GRQs and smaller quasars.
Some authors (e.g. Kaspi et al. 2005) have suggested
that giants should have more prominent cores, as stronger
nuclear activity is necessary to produce the larger linear sizes
of their radio structure. Ishwara–Chandra & Saikia (1999)
attempted to verify this hypothesis for giant-sized radio
galaxies by plotting a diagram of the core prominence, fc,
which is the ratio of core luminosity to the total luminos-
ity of the radio source, but found no trend of this kind. For
GRQs investigated in this paper we also plotted such a di-
agram (see Fig. 6) and came to a similar conclusion. We
can reconcile this with the existence of the core luminosity
– total luminosity correlation visible in Fig. 5 as a result of
smaller quasars having more luminous cores but also larger
total luminosities than GRQs. The resulting mean values
of fc are 0.20 and 0.18 for GRQs and smaller quasars re-
spectively. In Fig. 7 we plot the core prominence against
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Figure 5. Core radio luminosity against the total radio lu-
minosity for radio quasars. A strong correlation is visible. A
linear fit to the data points is given by the line logPcore =
(0.823 ± 0.075)logPtot + (3.723 ± 2.005).
Figure 6. Core prominence against total radio luminosity.
linear size of the extended radio structure. The distribution
of the core prominence is similar for GRQs and smaller ra-
dio quasars, which allows the claim that the strength of the
central engine of GRQs is similar to that of smaller radio
quasars.
We also investigated the asymmetries of radio struc-
tures in both our lobe-dominated radio quasar samples.
It is well known that non-uniform environment (i.e. non-
uniform density on both sides of the core) is one of the fac-
tors underlying radio structure asymmetries, which can be
described by the arm-length ratio Q (e.g. Scheuer 1995).
The distribution of this parameter for the GRQs and the
quasars from the comparison sample is presented in Fig. 8.
We found that the GRQs seem to be more symmetric
than the smaller radio quasars (there were no GRQs with
Q > 2.4 in our sample). However, the obtained mean val-
ues of the Q parameter for GRQs and for the comparison
sample are 1.41 ± 0.33 and 1.65 ± 0.61, respectively, and
therefore indistinguishable within the error limits. This sug-
gests that the IGM in which the giants evolve is not more
symmetrical than that around the smaller sources. Our re-
sults for the large radio sources are comparable to those
Figure 7. Core prominence against unprojected linear size. Also
here, similar as in Fig 6, any correlation is visible.
by Ishwara–Chandra & Saikia (1999), which found that the
mean value of the Q parameter for the GRSs is 1.39, but for
a comparison sample based on smaller 3CR sources they ob-
tained a smaller Q value equal to 1.19. We also compared the
arm-length ratio value of GRQs and GRSs (see the bottom
panel in Fig. 8). It can be seen clearly that the distributions
for giant quasars and galaxies are similar.
The values of the bending angle B and lobe flux-density
ratio F give similar result for both samples of quasars with
mean values of B = 7.40 ± 5.89, F = 1.45 ± 1.16 and
B = 8.50± 7.31, F = 2.28± 5.53 for GRQs and comparison
sample, respectively.
In summary, there is no significant difference in the en-
vironmental properties of the IGM within which giant- and
smaller-sized radio quasars evolve.
Furthermore, we checked distribution of the inclination
angle, i (see Fig. 9). For our sample of radio quasars, we ob-
tained that most objects have inclinations between 60o and
90o. This result is inconsistent with the models of AGN uni-
fication scheme, where – following Urry & Padovani (1995) –
the inclination angle for quasars has a value between 0o–45o.
In the objects with the angle larger than 45o, the broad-line
region should be partially or totally obscured by a dusty
torus and the broad emission lines should not be as promi-
nent as we observe in the spectra from our quasar sample. A
plausible explanation of the observed distribution of inclina-
tions is that there is no dusty torus in some AGNs (Elitzur
2008) or we are dealing with a clumpy, or receding torus (i.e.
Nenkova et al. 2008), thus broad emission lines could have
been observed even in quasars with large inclinations. The
quasar with the largest asymmetry of its radio structure is
J1623+3419 with i = 13o. Such a small value of the inclina-
tion angle can suggest that it should rather be classified as a
BL Lac object. Further observations are needed to confirm
if its observed radio structure is actually related to a unique
radio source.
5.2 Black hole mass estimations
In order to obtain the central BH mass of quasars from our
samples we used measurements of the CIV, MgII and Hβ
emission lines and the mass-scaling relations (equations (6),
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Figure 8. The distributions of the arm-length-ratio parameter
Q. The top diagram shows all radio quasars from our samples,
while the bottom one includes GRQs from our sample and GRSs
taken from Ishwara–Chandra & Saikia 1999. The observed dis-
tribution of the Q parameter suggests that the IGM in which
the giants evolve is not more symmetrical than that around the
smaller sources.
Figure 9. Distribution of the inclination angle, i, for the samples
of radio quasars. For the definition of the inclination angle see
Sect. 4.1. i=90◦means that the jets and lobes lie in the plane of
the sky.
Figure 10. Comparison of BH mass values estimated using mea-
surement of different emission lines. top diagram: MgII versus
Hβ BH masses; bottom diagram: MgII versus CIV BH mass.
The linear fits to data points are described in the text.
(7) and (8)). The mass values obtained are in the range of
1.6 · 108M⊙ < MBH < 12.3 · 108M⊙ when using the MgII
emission line, and 1.5 · 108M⊙ < MBH < 29.2 · 108M⊙ when
using the Hβ emission line. For some GRQs and quasars
from the comparison sample it was possible to compare the
results obtained on the basis of different emission-line mea-
surements. In Fig. 10 we present the relation between the
mass values calculated from MgII vs Hβ lines and those
from CIV vs MgII lines, respectively. We found that the
mass estimations based on the MgII line on average tend
to be smaller than those obtained using the Hβ emission
line (the linear fit to the data points is given by the rela-
tion: MBHHβ = 2.87(±0.98) · MBHMgII + 5.00(±9.25)),
and the mass estimations based on CIV line are larger
than those obtained from the MgII line (MBHCIV =
0.68(±0.14) ·MBHMgII + 1.08(±0.61)). The above results
are consistent with the earlier comparisons of BH masses es-
timated by other authors (e.g. Vestergaard & Peterson 2006;
Dietrich et al. 2009; Vestergaard & Osmer 2009).
5.3 Black hole mass vs radio properties
In the paper by Komberg & Pashchenko (2009), it is claimed
that in the jet-formation models some dependence of jet
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Figure 11. Relations between BH mass and radio luminosity at
1.4 GHz. top diagram: BH mass vs core luminosity; bottom
diagram: BH mass vs total luminosity.
power on BH mass should be expected. The assumption that
the giants are formed due to a longer activity phase of the
central AGN and/or more frequent duty cycles can imply
that their BH masses should be larger because of longer ac-
cretion episodes. In Fig. 11 we present the relations between
the total and core radio luminosity and the BH masse. It
can be distinctly seen, however, that there is no correlation
between the BH mass and either the core luminosity or the
total luminosity for GRQs as well as smaller radio quasars.
We also looked for a relation between BH masse and the
unprojected radio linear size of a radio quasars. For the MgII
BH mass estimations (Fig. 12), no obvious dependence has
been found. Some interesting results can, however, be seen
in Fig. 13. For the Hβ and CIV BH mass estimations it can
be clearly observed that the dependence between linear size
of radio structures and their BH mass is quite significant.
Surprisingly enough, the relation based on the Hβ mass esti-
mations for GRQs does not at all resemble that for quasars
from the comparison sample. The slope of the linear fit for
the sample of smaller quasars is steeper than that for the
GRQs sample. This result suggests that the GRQs can be
considered to represent another group of objects which differ
physically from smaller quasars. We fitted linear functions
independently to the data of GRQs and to the comparison
sample (left panel of Fig. 13). The best fits obtained are as
follows: MBHHβ = 10.995(±7.023) · D∗ + 1.629(±10.268)
and MBHHβ = 95.830(±25.392) · D∗ − 5.996(±12.011) for
the GRQs and for the comparison sample, with correla-
tion coefficients of 0.48 and 0.74, respectively. We also plot-
ted these lines on Fig. 12, taking into account the scaling
factor between Hβ and MgII BH mass estimations (equal
to 2.87). It is obvious that the giants and the smaller ra-
dio quasars fulfil these relations quite well. Moreover, for
the CIV mass estimation a weak correlation is also ob-
served. The best fit is represented by a line MBHCIV =
9.720(±4.589) ·D∗ + 1.620(±3.276) with a correlation coef-
ficient of 0.51. The result obtained (particularly for the Hβ
mass estimations) can indicate that there may be some dif-
ference between GRQs and smaller radio quasars. It is hard
to find a physical process to account for such a behaviour,
especially as it is not found in the diagram for CIV BH
masse. Some authors (e.g. Kaspi et al. 2007; Decarli et al.
2008) suggested that the formation of different emission lines
occurred in different regions of the broad line region, in the
sense that the CIV emission should originate below the Hβ
emission. Therefore, GRQs and smaller radio quasars may
differ with respect to the external structures of the broad
line region, while their central parts would be similar. The
question now is how to reconcile the fact that, according
to the previously analysed relations for GRQs and smaller
quasars, we did not see any clear distinction between these
two types and here there is a clear difference. The possi-
bility which comes to mind is that there is a difference in
age between GRQs and smaller quasars and the composi-
tion of the broad-line region could be different for young
and old quasars. However, the number of sources analysed
using the CIV mass estimations is too small to allow for any
definite conclusions, particularly relating to the smaller ra-
dio quasars. For example, this correlation deteriorates if we
artificially shift the defining minimum GRQ size from 0.72
Mpc to a smaller value. Generally, apart from the above
speculations on the composition of the broad line region,
we can conclude that the apparent relationship between the
linear size of the radio structure and the BH mass supports
the evolutionary origin of GRQs: as time increases, the BH
mass becomes larger and the size of radio structure grows.
5.4 Accretion rate
Using the obtained BH mass and the optical monochromatic
continuum luminosity (λLλ) we calculated the accretion rate
for our sample of quasars. The accretion rate is computed as
m˙(λ) = Lbol/LEdd, where Lbol is the bolometric luminosity,
assumed as:
Lbol = CλλLλ (10)
where Cλ is equal: 9.0 for λ = 5100A˚ (according to
Kaspi et al. 2000), 5.9 for λ = 3000A˚ (according to
Metcalf & Magliocchetti 2006) and 4.6 for λ = 1350A˚
(according to Vestergaard 2004). Following Dietrich et al.
(2009) the Eddington luminosity LEdd is given by:
LEdd = 1.45 · 1038MBH/M⊙ergs−1 (11)
The resulting values of Lbol, LEdd and m˙(λ) for GRQs
and smaller quasars are listed in Table 6 and 7, respectively.
In Fig. 14 we present the BH mass as a function of accretion-
rate values, which are calculated basing on the CIV, MgII
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Figure 12. Dependence between the BH masses derived from
the MgII emission line, and the unprojected linear sizes of the
radio structures. The straight lines are reproduced from Fig. 13
(for details see the text).
Figure 13. Dependence between the BH mass derived from the
Hβ - left panel, and the CIV - right panel - emission line, and
the unprojected linear size of the radio structure.
and Hβ emission lines as well as on the respective contin-
uum luminosities, taking into account the scaling factor be-
tween Hβ, CIV and MgII mass estimations. As can be seen,
the accretion rate is apparently higher for less massive BHs.
A similar result was obtained by Dietrich et al. (2009) for
a sample of quasars and by Mathur (2000) for narrow-line
Seyfert galaxies. The result is consistent with the scenario of
quasars increasing their BH mass during the accretion pro-
cess solely. When there is no matter left, the accretion rate
decreases, while a large amount of mass could have been ac-
cumulated in the central BH during the previous accretion
episodes. In the scenario described by Mathur (2000), the
accretion rate is high in the early stages of AGN evolution
and drops later on, so we could expect that at higher red-
shifts we should observe objects with larger accretion rates.
However, Fig. 15 shows that, for our samples of quasars, no
dependence between accretion rate and redshift is seen.
The accretion rates for GRQs and for the comparison sam-
ple are consistent with typical values (0.01 ÷ 1) for AGNs.
Given the observed accretion rate we can constrain the life-
times of the BHs in our samples. The obtained lower value
for GRQs imply, that these sources are more evolved sys-
Figure 14. The dependence between BH mass and accretion rate
m˙(λ). The solid and open symbols mark GRQs and smaller-size
radio quasar, respectively. Different symbols (circles, triangles and
stars) represent estimations of accretion rate base on measure-
ment of different emission lines (MgII, CIV and Hβ) and lumi-
nosities (at λ = 1350A˚, λ = 3000A˚ or λ = 5100A˚).
Figure 15. BH accretion rate vs redshift. No correlation is seen.
tems, for which the e-folding time to increase their BH mass
(for a definition see e.g. Shankar et al. 2004) is longer than
in the case of smaller-size quasars. The obtained mean values
of accretion rate (m˙(3000A˚)) are 0.07±0.03 and 0.09±0.07,
respectively, for GRGs and smaller-size radio quasar. The
dependence between accretion rate and unprojected linear
size of radio structure is presented in Fig. 16.
In Fig. 17 we present the dependence of accretion rate
m˙(3000A˚) onto the core, as well as total, radio luminosity.
There is a distinct trend for larger accretion rates to be ob-
served in quasars with larger radio luminosity. The linear
fits for m˙(3000A˚) are described by:
m˙(3000A˚)=0.114(±0.044)log(Ptot )-4.193(±1.185),
m˙(3000A˚)=0.138(±0.038)log(Pcore)-4.696(±0.984)
with correlation coefficients equal to 0.29 and 0.39 respec-
tively.
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Figure 16. Accretion rate vs unprojected linear size of radio
structure.
Figure 17. Accretion rate as a function of total radio luminosity
- top panel and core radio luminosity - bottom panel.
6 CONCLUSIONS
We have presented a comparison of radio and optical
properties for a sample of GRQs and smaller radio quasars.
It is important to mention that the measurements were
obtained in a similar, homogeneous, manner for all sources
from both the GRQ and comparison samples. Only the
absolute values may be affected by some global calibration
errors, if at all. The final conclusions are summarized below:
(i) Based on the P–D diagram, we found that there is a
continuous distribution of GRQs and smaller radio quasars.
Therefore we can conclude that the GRQs could have
evolved over time out of smaller radio quasars, which is
consistent with the predictions of evolutionary models. We
did not find that GRQs should have more prominent radio
cores, which could suggest that the giants are similar to the
smaller objects if we take into account their radio energetics.
(ii) The arm-length-ratio and bending angle values for
both GRQs and smaller radio quasars are similar, which
indicates that there is no significant difference of the
environmental properties of the IGM within which giant-
and smaller radio quasars evolve.
(iii) Statistically, the inclination angles obtained for our
samples of quasars are inconsistent with traditional AGN
unification scheme. Inclinations larger than 45o could,
however, be explained based on recent results from studies
of dusty torus properties.
(iv) The values of BH masses estimated here are sim-
ilar to those for the powerful AGNs. The BH masses
estimated using the MgII emission line are in the
range of 1.6 · 108M⊙ < MBH < 12.2 · 108M⊙ and
1.0 · 108M⊙ < MBH < 20.3 · 108M⊙ for GRQs and for the
smaller radio quasars respectively. We did not find any
constraints for more massive BHs to be located in GRQs.
(v) We did not find any significant correlation between
the BH mass and the radio luminosity. However, using the
Hβ and CIV line BH mass estimations a weak correlation
between the linear size of the radio structure and the BH
mass has been revealed. This might suggest that the linear
size of giants could be related to their “central engines”.
Surprisingly enough, the same relation, but based on the
Hβ analysis results, is different for the GRQs and for the
smaller radio quasars, which could suggest an inherent
difference between these types of objects. However, this
result should be taken with some caution as it was obtained
only for a small number of quasars. The relation between
the linear size of the radio structure and the BH mass
supports the evolutionary origin of GRQs.
(vi) The accretion rate for the more massive BHs is
smaller than that for the less massive BHs. It is consistent
with the scenario that quasars increase their BH mass
during accretion process. The obtained mean value of
accretion rate is equal to 0.07 for GRQs and 0.09 for smaller
radio quasars. The lower value for GRQs suggests that
GRQs are more evolved (aged) sources whose accretion
process has slowed down or is almost over. The differ-
ence of m˙(λ) and BH mass between the small-size radio
quasars and large-size ones is, however, not significant,
which could indicate similarities in their evolution. We
found also a weak correlation between the accretion rates
and the core radio luminosity, which confirms a connec-
tion between the accretion processes and the radio emission.
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(vii) The results obtained from the measurements based
on the Hβ and CIV emission lines seem to be more
homogeneous than those based on MgII. The BH masses
derived from the Hβ and CIV mass-scaling relations have
smaller uncertainties than those of the MgII line. The large
uncertainties in the case of MgII measurements are due to
the fact that this line is strongly affected by the Fe emis-
sion. Moreover, the large uncertainty of the mass-scaling
relation slope for the MgII line is also due to the absence of
reverberation data from systematic monitoring.
In summary, taking into account the optical and radio
properties, we can conclude that except for their size, the
GRQs are similar to the smaller radio quasars. Their BH
mass, accretion rate, prominence of radio core are compa-
rable. The environment properties of GRQs and smaller ra-
dio quasars are also similar. Therefore, GRQs could be just
evolved (aged) radio sources in which the accretion process
has been diminished or is almost over and the large size is
the consequence of their evolution. The sample of GRQs pre-
sented here, which is the largest one known to date, can be
used for other astrophysical studies, such as on the evolution
of radio sources.
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Table 4. Parameters of optical spectra and black hole mass for GRQs.
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Table 5. Parameters of optical spectra and black hole mass for smaller-size radio quasars.
IAU FWHM fλ LogλLλ MBH
name CIV MgII Hβ 1350A˚ 3000A˚ 5100A˚ 1350A˚ 3000A˚ 5100A˚ CIV MgII Hβ
A˚ 10−17erg cm−2s−1A˚−1 erg s−1 108 M⊙
J0034+0118 − 56.34 − − 11.80 − − 44.58 − − 5.06±0.11 −
J0051−0902 − 64.84 − − 11.51 − − 44.81 − − 8.73±3.13 −
J0130−0135 − 61.47 − − 23.58 − − 45.06 − − 10.56±0.48 −
J0245+0108 35.54 61.03 − − 12.67 − − 44.96 − − 9.23±3.07 −
J0745+3142 186.40 53.84 173.80 − 499.50 107.50 − 45.74 45.30 − 17.67±0.76 41.92±4.52
J0811+2845 27.10 54.05 − 59.34 12.92 − 45.40 45.08 − 6.88±0.88 8.30±1.16 −
J0814+3237 − 32.17 − − 17.93 − − 44.74 − − 1.99±0.14 −
J0817+2237 − 45.24 − − 41.95 − − 45.21 − − 6.72±0.95 −
J0828+3935 − 41.57 − − 15.63 − − 44.61 − − 2.85±0.54 −
J0839+1921 21.60 36.12 − − 23.96 − − 45.29 − − 4.72±0.10 −
J0904+2819 − 36.98 − − 58.68 − − 45.44 − − 5.88±0.26 −
J0906+0832 38.41 48.46 − − 8.01 − − 44.79 − − 4.78±2.13 −
J0924+3547 − 46.75 − − 19.14 − − 45.06 − − 6.09±0.73 −
J0925+1444 − 39.36 − − 32.33 − − 45.03 − − 4.18±0.41 −
J0935+0204 − 61.33 142.40 − 92.04 17.1 − 45.26 44.76 − 13.22±0.75 15.07±1.44
J0941+3853 − 59.18 234.00 − 42.59 9.19 − 44.89 44.45 − 8.01±1.03 28.53±2.11
J0952+2352 − 36.19 − − 53.89 − − 45.31 − − 4.85±0.49 −
J1000+0005 − 30.90 − − 12.99 − − 44.65 − − 1.65±0.20 −
J1004+2225 − 44.52 − − 18.23 − − 44.84 − − 4.29±0.29 −
J1005+5019 18.18 46.60 − 78.57 9.60 − − 44.98 − 3.74±0.46 5.53±2.99 −
J1006+3236 − 34.69 − − 8.954 − − 44.57 − − 1.90±0.20 −
J1009+0529 − 68.01 − − 71.05 − − 45.41 − − 19.25±1.07 −
J1010+4132 − 28.88 65.89 − 233.60 35.86 − 45.62 45.04 − 4.45±0.34 4.45±0.76
J1023+6357 − 48.48 − − 53.00 − − 45.43 − − 10.05±0.97 −
J1100+1046 − 49.35 21.30 − 60.94 11.07 − 44.76 44.25 − 4.79±2.17 0.19±0.10
J1100+2314 − 66.57 296.03 − 100.50 31.02 − 45.19 44.91 − 14.34±4.02 77.29±5.26
J1107+0547 33.64 40.26 − − 6.66 − − 44.76 − − 3.21±1.52 −
J1107+1628 − 36.98 88.07 − 180.00 33.76 − 45.53 45.04 − 6.57±0.39 7.92±0.86
J1110+0321 − 29.41 − − 16.59 − − 44.79 − − 1.77±0.74 −
J1118+3828 − 39.03 431.77 − 29.22 3.46 − 44.87 44.17 − 3.39±1.22 69.97±29.70
J1119+3858 − 64.70 345.40 − 31.08 6.27 − 44.88 44.41 − 9.47±3.54 59.42±20.60
J1158+6254 − 66.27 284.30 − 185.80 44.74 − 45.50 45.11 − 20.31±2.35 89.96±19.39
J1217+1019 20.56 38.45 − 59.73 5.42 − 45.39 44.70 − 3.96±0.53 2.71±1.00 −
J1223+3707 − 50.07 264.00 − 34.43 9.27 − 44.63 44.29 − 4.24±0.95 30.00±5.01
J1236+1034 − 38.83 272.90 − 53.47 11.31 − 45.05 44.60 − 4.13±1.94 46.03±9.20
J1256+1008 − 33.46 33.74 − 15.93 − − 44.67 − − 1.99±0.18 −
J1319+5148 − 39.67 − − 76.29 − − 45.52 − − 7.42±0.80 −
J1334+5501 − 55.70 − − 21.12 − − 45.06 − − 8.63±0.92 −
J1358+5752 − 45.54 − − 67.78 − − 45.62 − − 11.05±1.92 −
J1425+2404 − 56.62 131.60 − 89.40 19.66 − 45.25 44.83 − 11.16±1.62 13.87±1.64
J1433+3209 − 45.42 − − 2.924 − − 44.02 − − 1.73±1.85 −
J1513+1011 23.23 42.70 − − 36.67 − − 45.42 − − 7.72±0.57 −
J1550+3652 21.99 47.58 − 41.78 4.80 − 45.28 44.69 − 3.97±0.52 4.12±1.81 −
J1557+0253 10.42 24.83 − 34.97 4.69 − 45.19 44.66 − 0.79±0.16 1.09±1.28 −
J1557+3304 − 52.94 − − 25.46 − − 44.97 − − 7.05±1.15 −
J1622+3531 − 43.02 − − 10.56 − − 44.86 − − 4.08±0.83 −
J1623+3419 25.17 48.20 − 14.37 2.59 − 44.80 44.40 − 2.88±0.59 3.04±1.78 −
J2335−0927 14.18 35.59 − 60.11 1.14 − 45.38 44.00 − 1.85±0.26 1.04±0.99 −
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Table 6. Optical luminosity and accretion rate for GRQs.
IAU log(Lbol) log(LEdd) m˙1350 m˙3000 m˙5100
name 1350A˚ 3000A˚ 5100A˚ CIV MgII Hβ
erg s−1 erg s−1
J0204−0944 − 45.38 − − 46.45 − − 0.09 −
J0210+0118 − 45.94 − − 47.05 − − 0.08 −
J0754+3033 − 45.94 45.66 − 47.04 47.29 − 0.08 0.02
J0754+4316 − − 45.48 − − 47.63 − − 0.01
J0801+4736 − − 43.92 − − 46.33 − − 0.004
J0809+2912 − 46.25 − − 47.16 − − 0.12 −
J0812+3031 − 45.49 − − 46.42 − − 0.12 −
J0819+0549 45.29 44.86 − 47.49 46.66 − − 0.02 −
J0842+2147 − 45.51 − − 46.49 − − 0.11 −
J0902+5707 45.97 45.67 − 47.08 46.88 − − 0.06 −
J0918+2325 − 45.85 45.48 − 47.11 47.39 − 0.06 0.01
J0925+4004 − 45.87 45.55 − 47.21 47.54 − 0.05 0.01
J0937+2937 − 45.69 45.38 − 46.77 46.85 − 0.08 0.03
J0944+2331 − 45.90 − − 46.92 − − 0.10 −
J0959+1216 − 45.58 − − 46.82 − − 0.06 −
J1020+0447 − 45.26 − − 46.83 − − 0.03 −
J1020+3958 − 45.77 − − 47.22 − − 0.04 −
J1030+5310 − 45.90 − − 46.76 − − 0.14 −
J1054+4152 − 45.78 − − 46.96 − − 0.07 −
J1056+4100 45.34 45.16 − 46.83 46.70 − − 0.03 −
J1145−0033 45.53 45.51 − 47.43 − − 0.01 − −
J1151+3355 − 45.73 − − 46.97 − − 0.06 −
J1229+3555 − 45.37 − − 46.39 − − 0.10 −
J1304+2454 − 45.92 − − 47.01 47.57 − 0.08 −
J1321+3741 − 45.64 − − 47.25 − − 0.03 −
J1340+4232 − 45.47 − − 46.87 − − 0.04 −
J1353+2631 − 45.63 45.46 − 46.75 47.54 − 0.08 0.01
J1410+2955 − 45.65 − − 47.20 − − 0.03 −
J1427+2632 − − 45.67 − − 47.59 − − 0.01
J1432+1548 − 45.65 − − 46.96 − − 0.05 −
J1723+3417 − 45.39 45.73 − − 46.66 − − 0.12
J2344−0032 − 45.723 − − 46.78 − − 0.09 −
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Table 7. Optical luminosity and accretion rate for small-size radio quasars.
IAU log(Lbol) log(LEdd) m˙1350 m˙3000 m˙5100
name 1350A˚ 3000A˚ 5100A˚ CIV MgII Hβ
erg s−1 erg s−1
J0034+0118 − 45.35 − − 46.87 − − 0.03 −
J0051−0902 − 45.58 − − 47.10 − − 0.03 −
J0130−0135 − 45.83 − − 47.19 − − 0.05 −
J0245+0108 46.05 45.73 − 47.23 47.13 − 0.07 0.04 −
J0745+3142 − 46.51 46.26 − 47.41 47.78 − 0.13 0.03
J0811+2845 46.06 45.85 − 47.00 47.08 − 0.11 0.06 −
J0814+3237 − 45.51 − − 46.46 45.89 − 0.11 −
J0817+2237 − 45.98 − − 46.99 − − 0.10 −
J0828+3935 − 45.38 − − 46.62 − − 0.06 −
J0839+1921 46.33 46.06 − 46.95 46.84 − 0.24 0.17 −
J0904+2819 − 46.21 − − 46.93 − − 0.19 −
J0906+0832 45.82 45.56 − 47.18 46.84 − 0.04 0.05 −
J0924+3547 − 45.83 − − 46.95 − − 0.08 −
J0925+1444 − 45.81 − − 46.78 − − 0.11 −
J0935+0204 − 46.03 45.72 − 47.28 47.34 − 0.06 0.02
J0941+3853 − 45.66 45.41 − 47.07 47.62 − 0.04 0.01
J0952+2352 − 46.080 − − 46.85 − − 0.17 −
J1000+0005 − 45.42 − − 46.38 − − 0.11 −
J1004+2225 − 45.61 − − 46.79 − − 0.07 −
J1005+5019 46.21 45.75 − 46.74 46.90 − 0.30 0.07 −
J1006+3236 − 45.34 − − 46.44 − − 0.08 −
J1009+0529 − 46.18 − − 47.45 − − 0.05 −
J1010+4132 − 46.40 46.00 − 46.81 46.81 − 0.39 0.15
J1023+6357 − 46.20 − − 47.16 − − 0.11 −
J1100+1046 − 45.53 45.20 − 46.84 45.43 − 0.05 0.59
J1100+2314 − 45.96 45.87 − 47.32 48.05 − 0.04 0.01
J1107+0547 45.87 45.54 − 47.09 46.67 − 0.06 0.07 −
J1107+1628 − 46.31 45.99 − 46.98 47.06 − 0.21 0.09
J1110+0321 − 45.57 − − 46.41 − − 0.14 −
J1118+3828 − 45.64 45.12 − 46.69 48.01 − 0.09 0.001
J1119+3858 − 45.65 45.37 − 47.14 47.94 − 0.03 0.003
J1158+6254 − 46.27 46.07 − 47.47 48.12 − 0.06 0.01
J1217+1019 46.06 45.47 − 46.76 46.60 − 0.20 0.08 −
J1223+3707 − 45.40 45.24 − 46.79 47.64 − 0.04 0.004
J1236+1034 − 45.82 45.56 − 46.78 47.82 − 0.11 0.01
J1256+1008 − 45.44 − − 46.46 45.70 − 0.10 −
J1319+5148 − 46.29 − − 47.03 − − 0.18 −
J1334+5501 − 45.83 − − 47.10 − − 0.05 −
J1358+5752 − 46.39 − − 47.20 − − 0.16 −
J1425+2404 − 46.03 45.78 − 47.21 47.30 − 0.07 0.03
J1433+3209 − 44.79 − − 46.40 − − 0.03 −
J1513+1011 46.59 46.20 − 47.15 47.05 − 0.27 0.14 −
J1550+3652 45.95 45.46 − 46.76 46.78 − 0.15 0.05 −
J1557+0253 45.85 45.43 − 46.06 46.20 − 0.61 0.17 −
J1557+3304 − 45.74 − − 47.01 − − 0.05 −
J1622+3531 − 45.63 − − 46.77 − − 0.07 −
J1623+3419 45.46 45.17 − 46.62 46.64 − 0.07 0.03 −
J2335−0927 46.04 44.77 − 46.43 46.18 − 0.41 0.04 −
c© 0000 RAS, MNRAS 000, 1–16
